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Anorectal malformations (ARMs) represent a large clinical and 
surgical load, especially in low- and middle-income countries 
(LMICs).[1] HIV adds to this burden by increasing infectious surgical 
complications and medical morbidity.[2] ARMs are a spectrum of 
congenital anomalies leading to an imperforate anus with or without 
a fistula that opens into the male urinary tract or the female genital 
tract, or onto the perineum. The aetiology is multifactorial. The 
incidence of ARMs in the referral area for the teaching hospitals of 
the University of the Witwatersrand in Johannesburg, South Africa 
(SA), is 1:4 000.[3] Management of ARMs typically consists of three 
operations, an initial diverting colostomy, definitive repair by means 
of a posterior sagittal anorectoplasty (PSARP), and finally colostomy 
reversal. This traditional approach is especially applicable in LMICs, 
where patients often present late with established obstruction of 
the gastrointestinal tract, systemic sepsis and dehydration.[4-7] Some 
lesions are amenable to a primary PSARP without formation of a 
colostomy if the anatomical defect is favourable, the child is clinically 
stable and has no associated life-threatening congenital anomalies, 
and there is no gross abdominal distension.[8] In the paediatric 
population, intra-abdominal surgery is associated with a 20% surgical 
site infection rate and an 11% anastomotic leak rate.[9] In terms of 
stoma formation and closure, this equates to high morbidity; as 
Oda et al.[10] stated in 2014, ‘creating a colostomy is a minor surgical 
procedure but with potentially significant morbidity’.
SA is a country heavily burdened by HIV. In 2014, 6.8 million 
people were living with HIV, of whom 3.9 million were females 
aged >15 years and 340 000 were children.[11] Much of the burden of 
HIV infection in children comes from mother-to-child transmission 
(MTCT) of the virus. The prevention of MTCT programme improved 
roll-out of antiretroviral (ARV) medicines to >90% of HIV-positive 
pregnant women.[12] This effective use of ARVs in SA decreased 
MTCT of HIV to 2% in 2015.[12] However, in 2011, Venkatesh et al.[13] 
showed that infants born to HIV-positive mothers had a two-fold 
greater risk of hospitalisation and a six-fold greater risk of mortality, 
independent of infant HIV status. This illustrated the impact of 
maternal immunodeficiency on childhood morbidity and mortality, 
regardless of the child’s HIV status.
Objectives
It is known that children undergoing major surgical procedures are at 
a higher risk of surgical complications than their adult counterparts. [9] 
It is also known that HIV-infected children have a higher rate of 
post-surgical complications than HIV-unexposed children.[2] The 
objectives of this study were to assess the incidence of complications 
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Background. Anorectal malformations (ARMs) represent a significant surgical load in South African (SA) paediatric surgical centres. 
Surgical treatment of ARMs may be associated with postoperative complications owing to the nature of surgical procedures necessary in 
the neonatal and infant period. HIV and its effect on the immune response compound postoperative surgical complications. The impact 
of HIV exposure and its effect on the child’s immune status, independent of the child’s HIV status, has yet to be studied in the surgical 
population.
Objectives. To assess the incidence of complications in our population of ARM patients and to explore whether these were increased in 
HIV-exposed but serologically negative children compared with HIV-unexposed children.
Methods. This was a prospective study of all patients presenting with ARMs to the paediatric surgery units attached to the University 
of the Witwatersrand, Johannesburg, SA. Specifically, exposure to an HIV-positive mother, patient HIV status and presence of surgical 
complications were documented. Data were analysed for the period August 2016 - September 2017.
Results. A total of 50 children were included (none were excluded); 19 (38%) were HIV-exposed but none were HIV-positive, and 28 (56%) 
were male and 22 (44%) female. Seventy-six operative procedures were performed, with 27 operative complications. In the HIV-exposed 
group, 68% of patients experienced operative complications, compared with 45% in the unexposed group (p=0.1); 50% of the HIV-exposed 
patients who had stoma formation experienced complications, compared with 20% in the unexposed group (p=0.08).
Conclusions. The incidence of postoperative infectious complications in HIV-exposed patients was higher than in HIV-unexposed 
patients. The incidence of postoperative complications in HIV-unexposed patients parallels that in the international literature, except 
in the posterior sagittal anorectoplasty groups. It remains critically important to follow stringent perioperative protocols for infection 
prevention and aggressively treat any infection that arises, particularly in patients born to HIV-positive mothers, regardless of the 
patient’s HIV status.
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in our own practice and to explore whether 
these complications are increased in HIV-
exposed but serologically negative children 
compared with HIV-unexposed children.
Methods
After approval from the Human Research 
Ethics Committee, University of the Wit-
watersrand (ref. no. M160.513), data were 
prospectively collected from patients 
presenting to either of the two paediatric 
surgery units linked to the University of 
the Witwatersrand, these being at Charlotte 
Maxeke Johannesburg Academic Hospital 
(CMJAH) and Chris Hani Baragwanath 
Academic Hospital (CHBAH). All patients 
aged <6 years with ARMs requiring surgical 
intervention were included. This was a 
prospective cross-sectional descriptive 
study, and data collection occurred over 
13 months between 1 August 2016 and 
30  September 2017. Data collected included 
mother’s age and HIV test results, child’s 
HIV test results (if HIV-exposed), type of 
ARM, presence of associated anomalies, 
type of surgical intervention, perioperative 
antibiotic use, and presence and type of 
surgical complication if any.
Statistical analysis
The χ2 test was used to assess the relation-
ships between categorical variables and HIV 
exposure group. Fisher’s exact test was used 
where the requirements for the χ2 test could 
not be met. One-way analysis of variance 
assessed the relationship between continuous 
variables and HIV exposure group. Where 
the data did not meet the assumptions of this 
test, a non-parametric Kruskal-Wallis test 
was used. Data analysis was carried out using 
SAS version 9.4 for Windows (SAS Institute, 
USA). A 5% significance level was used.
Results
Entire cohort
Data were collected prospectively from 50 
mother-child dyads. The majority (84%) of 
the children were referred to our units from 
surrounding hospitals. Thirty-two of the 
children (64%) were operated on at CHBAH, 
where there is a dedicated colorectal unit. 
None of the children in this cohort were 
antenatally diagnosed.
Mothers
The mean age of mothers in the cohort was 
28 years; 19 (38%) were HIV-positive. All the 
mothers were diagnosed antenatally and had 
been on ARVs for an average of 30 months 
prior to delivery. As such, the median CD4+ 
count was 537 cells/µL (interquartile range 
(IQR) 363 - 730) and the median viral load 
(VL) was 147 IU/mL (IQR 0 - 1 075, with a 
high of 14 500).
Children
The median birth weight was 2 970 g (IQR 
2 700 - 3 300) and the median gestational age 
40 weeks (IQR 37 - 40). Thirty-eight percent 
of the children were HIV-exposed, but 
notably there had been no seroconversions at 
the time of writing. All the exposed children 
had received post-exposure prophylaxis for a 
minimum of 6 weeks after birth.
In total, 28 of the 50 children (56%) had 
at least one associated anomaly (Fig.  1). 
Ten participants (20%) had three or more 
systemic anomalies and therefore the 
VACTERL association (vertebral anomaly, 
anorectal malformation, cardiac anomaly, 
tracheo-oesophageal fistula and oesophageal 
atresia, renal anomalies and limb anomalies). 
One child had a chromosomal anomaly 
(trisomy 21). The types of malformation 
encountered are shown in Fig. 2.
Management and complications
CHBAH performed 46 surgical procedures 
on 32 patients with 15 complications. 
CMJAH performed 31 surgical procedures 
on 18 patients with 15 complications.
Thirty-eight stomas were performed 
with 12 complications in 12 participants, 
giving a 31.6% complication rate (Fig. 3). 
Seven of the 14 participants who were 
HIV-exposed had complications (50.0%), 
whereas only 5 of the 24 participants who 
were unexposed had complications (20.8%) 
(Fig. 4). Perioperative antibiotic use was 
erratic across all surgical interventions and 
was surgeon specific rather than protocol 
driven (Fig. 5).
Six primary PSARPs were performed. 
There were 6 complications in 4 patients 
(Fig. 3). The total incidence of compli-
cations in this group was 66.7%. Of the 
3 patients in this group who were HIV-
exposed, 2 (66.7%) had complications, and 
2 (66.7%) of the 3 participants who were 
HIV-unexposed had complications (Fig. 4). 
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Figure 1. Types of associated abnormalities within the VACTERL association 
 
  
Figure 2. Distribution of anorectal malformation types 
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Fig. 1. Types of associated abnormalities in the VACTERL association (vertebral anomaly, anorectal 
malformation, cardiac anomaly, tracheo-oesophageal fistula and oesophageal atresia, renal anomalies 
and limb anomalies).
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Fig. 2. Distribution of anorectal malformation types.
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The majority of these patients received a full course of antibiotic 
therapy (Fig. 5).
Twenty-two PSARPs were performed. There were 9 complications 
in 8 patients (Fig. 3). The total incidence of complications in this 
group was 40.9%. Of the 8 patients who were HIV-exposed, 2 (25.0%) 
had complications, and 6 (42.9%) of the 14 patients who were HIV-
unexposed had complications (Fig. 4). The majority of these patients 
received a full course of antibiotic therapy (Fig. 5).
Eleven stoma closures were performed. There were 3 complications 
(Fig. 3), giving a total incidence of complications in this group of 
27.3%. Of the 4 patients who were HIV-exposed in this group, 2 
(50.0%) had complications, and 1 (14.3%) of the 7 patients who were 
HIV-unexposed had complications (Fig. 4). Most patients in this 
group received 24 hours of perioperative antibiotics (Fig. 5).
Four deaths occurred in this cohort, 3 after stoma formation and 
1 after PSARP. One death occurred within 48 hours of surgery. In 
this case, an infant with an ARM with a rectovestibular fistula was 
only referred for management on day 16 after birth. On arrival, the 
abdomen was markedly distended, with established peritonitis. At 
laparotomy it was noted that the entire small and large bowel was 
necrotic, secondary to abdominal compartment syndrome. The 
child received palliative treatment. The other 3 deaths occurred 
in hospital but were unrelated to the initial surgery. Two patients 
died due to overwhelming sepsis, one secondary to meningitis 
and the other to aspiration pneumonia. The 4th patient died due 
to complications related to perforation of the distal rectal segment 
during an augmented pressure distal colostogram. Of the 4 deaths, 
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Fig. 3. Distribution of complications across cohort. (PSARP = posterior sagittal anorectoplasty.)
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Fig. 4. Percentage of complications in the HIV-exposed and unexposed 
groups. (PSARP = posterior sagittal anorectoplasty.)
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2 (50.0%) occurred in HIV-exposed infants 
and 2 (50.0%) in unexposed infants.
Discussion
We have gained significant insights into our 
own practice as a result of the outcomes of 
this 1-year collection of data. As expected, 
the vast majority of patients were referred 
to our institutions from surrounding 
referral hospitals (a large area is drained 
by only two centres that offer paediatric 
surgical services). None of the patients were 
diagnosed antenatally. This is very common, 
as ARMs are difficult to detect with antenatal 
screening. In additionally, SA practises basic 
antenatal care, where ultrasound imaging 
in pregnancy and referral to higher-level 
antenatal care centres is reserved for patients 
with suspected multiple pregnancies or 
suspected congenital anomalies on clinical 
evaluation of the gravid uterus.[14] The 
delay in diagnosis and referral can have 
devastating consequences, as noted in one of 
our patients in whom the entire bowel was 
necrotic as a result of untreated abdominal 
compartment syndrome from a missed 
ARM that was only diagnosed on day 16 
after birth. This highlights one of the many 
areas for improvement in the SA setting, 
not just related to the treatment of ARMs 
but to the diagnosis, referral and treatment 
of all paediatric surgical patients in the 
country. Of note, when assessing the types 
of ARMs presenting to our institutions, we 
found that there was a very low incidence 
of perineal fistulas in females compared 
with the international literature[5] (p=0.006). 
We propose that this is not because fewer 
cases of perineal fistula occur in our referral 
area, but because the majority of cases 
of this anatomical variant of ARM are 
missed on examination, so that the patient 
is not referred for treatment at all, or 
is only referred when she is much older 
and presents with constipation or overflow 
incontinence.
In 2013, the prevalence of HIV among 
women presenting to antenatal clinics was 
28.6%, compared with 29.8% in 2009.[15] In 
our cohort, the prevalence of HIV-infected 
mothers, and therefore HIV-exposed 
children, was 38%. This is 10% higher 
than the previously documented prevalence 
in Gauteng Province, and although not 
statistically significant (p=0.14), the preva-
lence is still substantially higher than 
in the general population. HIV-positive 
mothers were significantly older than 
mothers in the HIV-negative group (30.7 
years v. 26.6 years; p=0.026). This may be 
because the decreasing prevalence of HIV 
is occurring in the younger population, 
secondary to the improved rollout of ARVs, 
or because this younger population has had 
fewer opportunities to contract the virus 
compared with their older counterparts. 
Another positive finding was that all 
mothers who were HIV-positive at the time 
of delivery had been diagnosed antenatally, 
and all had been on ARVs for an average of 
30 months prior to delivery. The result of 
this treatment is that the median VL of our 
mothers (147 IU/mL) was lower than that 
quoted by Venkatesh et al.[13] (>100 000  IU/
mL), which was shown to increase the risk 
of hospitalisation and mortality in HIV-
exposed infants independent of their HIV 
status.
At the time of writing, none of the HIV-
exposed children in this cohort had 
seroconverted. This should be considered 
with caution, as children require a polymerase 
chain reaction test for HIV at birth and 
at 10  weeks and 18 weeks of age, as well 
as an HIV enzyme-linked immunosorbent 
assay at 18 months of age, in order to 
be confirmed HIV-negative after antenatal 
HIV exposure. [16] Many of the patients in 
the above cohort were aged <19  months 
and had therefore not completed all these 
tests. There were no significant differences 
in birth weight or gestational age between 
the participants who were HIV-exposed 
and those who were unexposed (p=0.7 and 
p=0.28, respectively).
Complications in the colostomy forma-
tion and colostomy closure groups were 
mainly related to sepsis (superficial 
wound sepsis and dehiscence of the entire 
wound secondary to sepsis). Rates of these 
complications are high (32% and 27%, 
respectively) when compared with the 
international literature (20% surgical site 
infections).[9] However, it is important to 
consider the complication rates in patients 
who were HIV-exposed compared with 
those who were not. In both the stoma 
formation and stoma closure groups, 50% 
of the patients in each group who were 
HIV-exposed experienced postoperative 
complications compared with only 20% 
and 14%, respectively, in the groups of 
patients who were not exposed. The 
complication rates in the HIV-unexposed 
patients are similar to and lower than the 
international literature.[9] Although not 
statistically significant, because of small 
numbers, children who were HIV-exposed 
tended to have far more infection-related 
postoperative complications than those who 
were unexposed (entire cohort: p=0.11, 
stoma formation group: p=0.081). Collection 
of higher numbers of patients may confirm 
this. We believe that this increased propen-
sity to infection-related complication in 
the HIV-exposed group is secondary to 
inherent immune compromise in all HIV-
exposed infants, regardless of whether they 
seroconvert or not.
Although it is difficult to infer any 
significance from only 6 patients in the 
primary PSARP group, there was a 66.7% 
complication rate. All complications were 
related to sepsis, namely wound sepsis and 
wound dehiscence secondary to sepsis 
(with 2 patients requiring subsequent stoma 
formation). This is exceptionally high 
even when compared with other countries 
including LMICs, for example Nigeria, 
where a complication rate of 30% was found 
Fig. 5. Percentage of patients receiving perioperative antibiotics across cohort. (PSARP = posterior 
sagittal anorectoplasty.)
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in a cohort of primary PSARPs.[17] Although this number of patients 
is small, it has changed our approach to performing primary 
PSARPs and our institution is now far more judicious with the use 
of colostomies in all patients regardless of the type of malformation, 
particularly in delayed presentations. Why the rate of complications 
is so high in this particular group is unknown, and it does not 
follow any trend towards HIV exposure in this small number of 
patients. This is an area for further research in our department 
to help elucidate the reasons for this trend and, we hope, lead to 
improvement strategies to decrease the complication rate in this 
subset of patients.
The complication rate in the PSARP group was 40.9%. However, 
the complications in this group were predominantly technical and 
not infectious in nature (strictures, prolapse, fistula formation, 
vaginal injury and post-PSARP rectal necrosis). These complications 
therefore showed no predilection for the HIV-exposed group, as 
they were surgeon dependent rather than patient dependent. Further 
collection of data will clarify whether complications thought to be 
technical in nature (stricture and fistula formation) are increased 
in the HIV-exposed group owing to differences in wound healing 
compared with HIV-unexposed patients. One reason for technical 
complications in this group is related to the number of surgeons of 
different experience levels operating on this cohort of patients, some 
of whom are still on the upward slope of the learning curve related 
to these procedures.
If one considers all complications in terms of procedures done 
at CHBAH (with its dedicated colorectal unit) and at CMJAH (a 
general surgical unit) separately, it becomes clear that centralisation 
of services may indeed be the way to improve outcomes on a broader 
scale. The incidence of complications in the colorectal unit was 
32.6% compared with 48.3% in the general surgical unit, although 
this difference is not statistically significant owing to small numbers 
(p=0.23). The difference cannot be explained on the basis of HIV 
exposure, and in fact there was a higher incidence of HIV exposure 
(43.7%) in the colorectal unit than in the general surgical unit 
(33.3%). As such, the relative risk of developing a complication from 
a colorectal procedure in the general surgical unit compared with the 
colorectal unit was 1.5.
There was no significant association between the presence or 
absence of complications and associated malformations and the 
VACTERL association (p=0.37).
We did note that choice of antibiotic prophylaxis across all 
surgeries was not standardised, with different surgeons using 
different antibiotic protocols, and this may have implications related 
to further investigation of septic complications in HIV-exposed 
patients. Where numbers permitted, for example in the stoma 
formation group, there was no statistical difference between the type 
of antibiotic prophylaxis and the septic complication rate between the 
HIV-exposed and unexposed groups (p=0.22).
The data suggest an increase in infection-related complications in 
HIV-exposed patients compared with those who were not exposed. 
We therefore need to define antibiotic protocols better to ensure 
that we are working to prevent sepsis-related complications in all 
patients, but especially in those who were HIV-exposed. We also 
need to elucidate nutritional status better in patients coming for 
elective procedures (PSARP and colostomy closure), as this may 
also help improve outcomes, although it is normal practice in our 
institutions not to do an elective operation on any child unless they 
are nutritionally replete.
Further research needs to done on this subject. Once patient 
numbers permit better statistical analysis, interventions such as 
antibiotic protocols and nutritional analysis and support may be 
instituted to see if they help improve our outcomes. In the interim, 
we need to carefully evaluate all patients who were HIV-exposed and 
optimise management as far as possible preoperatively to assist in 
preventing postoperative septic complications.
Study limitations
The major limitation of this study was the small number of enrolled 
participants, although data collection is ongoing and we hope to 
report statistically significant results in the next few years. There was 
also great difficulty in contacting enrolled participants after discharge 
to follow them up appropriately.
Conclusions
ARMs are not uncommon in SA and present a significant surgical 
load. HIV is also very common, and although antiretroviral rollout 
is adequate, there is still a higher rate of HIV infection among 
the mothers of children presenting with ARMs compared with 
the general antenatal population. Our prevalence of postoperative 
complications in HIV-unexposed patients parallels rates reported in 
the international literature (except for PSARPs), in contrast to the 
much higher prevalence of complications, primarily infection related, 
in the HIV-exposed group. HIV exposure tends to increase the rate 
of postoperative infectious complications, even when the exposed 
child has tested HIV-negative. Children who were HIV-exposed 
therefore need to be optimised as much as possible prior to operation, 
with every attempt made to decrease the risk of postoperative 
infection-related complication. Further research is needed in this 
area to adequately quantify the burden of HIV exposure on paediatric 
surgical units across SA.
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